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@ Method of manufacturing optical memory element 

© A method of manufacturing an optical memory element, 
which includes the steps of applying a first photo-resist lay- 
er (2) onto a glass substrate (1) for an optical memory ele- 
ment laying a mask plate (3) on the gtass substrate (1) ap- 
plied with the first photo-resist layer (2), with the mask plate 
(3) being prepared by covering a surface of a transparent 
substrate (6) with metallic layers formed into a guide pat- 
tern configuration, irradiating ultraviolet rays onto the first 
photo-resist layer (2) through the mask plate (3), transfer- 
Ql ring the guide patterns of the mask plate (3) onto the first 
0 photo-resist layer, and engaving the guide patterns In the 
glass substrate (1) by etching after developing the first pho- 
Q to-resist layer (2). 
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o 

10 
10 



o. 
u 



ACTORUM A3 



, 1 . 0155000 

METHOD OF MANUFACTURING OPTICAL MEMORY ELEMENT 

BACKGROUND OF THE INVENTION 

The present invention generally relates to optical 
memory and more particularly, to a method of manufacturing 
an optical memory element for optically recording and 
reproducing information. 

In recent years, particular attention has been 
directed to an optical memory device as a memory unit with a 
large capacity and also a high density. The reason why the 
optical memory device can provide the high density and large 
capacity is such that, since the bit which is a recording 
unit of information is determined only by a beam diameter of 
light, its configuration may be formed to have a size 
approximately in the order of one urn in diameter. The above 
fact, however, imposes various limitations on an optical 
memory device. More specifically, in order to record 
information at a certain predetermined position or to 
reproduce information recorded at a certain predetermined 
position, it becomes necessary to position a light beam 

extremely accurately. 

Generally, in an optical memory device exclusive 
for reproduction, address information can be preliminarily 
included in the recorded bit, thus making it possible to 
position the light beam during reproduction of the recorded 
information, but in an additionally recorded memory or in a 
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memory capable of being rewritten, it is extremely difficult 
to record the address information simultaneously during the 
information recording. Accordingly, with respect to the 
additionally recorded memory or in the memory which can be 
rewritten, there has been adopted a practice to have certain 
guide tracks or guide addresses preliminarily included in a 
memory substrate. 

By way of example, as illustrated in Fig. 9 
showing a fragmentary perspective view of a conventional 
memory substrate for an additionally recorded memory or a 
memory capable of being rewritten, it has been a common 
practice to form concave and convex grooves g in a substrate 
S for recording or reproducing information along said 
grooves g. These concave and convex grooves g have a 
configuration intermittently extending in a circumferential 
direction of the substrate S, thereby to impart bit infor- 
mation indicating addresses of the grooves g. 

There have already been proposed several processes 
for forming such concave and convex grooves, which may be 
broadly divided into the following three kinds of practices, 
(i) A process which employs acrylic resin or polycar- 

bonate resin so as to form the concave and convex 
grooves as described above by injection molding. By 
this molding, configurations of an Ni stamper prelimi- 
narily formed with the guide tracks and guide addresses 
are copied or transcribed. 
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(ii) A casting process in which molten acrylic resin is 
poured into the Ni stamper preliminarily formed with 
the guide tracks and guide addresses as described above 
for curing or hardening through heating. 

(iii) A so-called "2P" process in which an ultraviolet 
curing resin is poured between a substrate such as an 
acrylic resin substrate, glass substrate or the like 
and the Ni stamper preliminarily formed with the guide 
tracks and guide addresses as described above for 
irradiation thereonto of ultraviolet rays through said 
substrate , so as to cure or harden said resin, with a 
subsequent removal of said Ni stamper. 

However, since each of the above processes employs 
a resin, there is a possibility that oxygen or moisture, 
etc. undesirably reaches a recording medium through the 
resin, thus resulting in such a disadvantage that the 
recording medium is deteriorated in quality. 

In order to overcome the inconvenience as 
described above, the present inventors have already proposed 
in Japanese Patent Application Tokugansho No. 58-84613, a 
manufacturing process including steps of applying a photo- 
resist material onto a glass substrate, further applying a 
laser beam to the photo-resist material for recording guide 
patterns (guide tracks and guide addresses) , and subse- 
quently, forming grooves in the form of the guide patterns 
by etching. 
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The abov process, however, still has a disad- 
vantage in that, since each of the guide patterns must be 
successively recorded for each track by the laser beaia r a 
long time is required for the recording and thus, the 
process is not fully suited to mass-production. 
SUMMARY OF THE INVENTION 

Accordingly, an essential object of the present 
invention is to provide an improved method of manufacturing 
an optical memory element, which is capable of effecting 
formation of grooves indicative of information related to 
guide tracks, guide addresses, etc. with respect to a 
substrate of the optical memory element, in a short period 
of time and at high accuracy through an improvement over the 
manufacturing method disclosed in said Japanese Patent 
Application Tokugansho 58-84613. 

Another important object of the present invention 
is to provide a method of manufacturing an optical memory 
element as described above, which is simple in steps and 
readily introduced into a production 0 line of the optical 
memory element. 

In accomplishing these and other objects, 
according to one preferred embodiment of the present inven- 
tion, there is provided a method for manufacturing an 
optical memory element which includes the steps of applying 
a first photo-resist film onto a glass substrate for an 
optical memory element, laying a mask plate on the glass 
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substrate applied with the first photo-resist film, with the 
mask plate being prepar d by covering a surface of a trans- 
parent substrate with metallic films formed into a guide 
pattern configuration, irradiating ultraviolet rays onto the 
first photo-resist film through the mask plate, transferring 
the guide patterns of the mask plate onto the first photo- 
resist film, and engraving the guide patterns in the glass 
substrate by etching after developing the first photo-resist 
film. 

Moreover, according to a modification of the 
present invention, the method of manufacturing the optical 
memory element includes the steps of applying a first photo- 
resist film onto a glass substrate for an optical memory 
element, laying a mask plate on the glass substrate applied 
with the first photo-resist film with the mask plate being 
prepared by covering a surface of a resin layer having a 
sufficient flexibility larger than that of the glass sub- 
strate, with metallic films formed into a guide pattern 
configuration, irradiating ultraviolet rays onto the first 
photo-resist film through the mask plate, transferring the 
guide patterns of the mask plate onto the first photo-resist 
film, and engraving the guide patterns in the glass sub- 
strate by etching after developing the first photo-resist 
film. 

By the procedures according to the present inven- 
tion as described above, an improved method of manufacturing 
an optical memory element has been advantageously presented. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become apparent from the following 
description taken in conjunction with the preferred embodi- 
ment thereof with reference to the accompanying drawings, in 
which: 

Figs. 1(a) through 1(e) are fragmentary side 
sectional views for explaining a method of manufacturing a 
substrate of an optical memory element according to one 
preferred embodiment of the present invention; 

Figs. 2(a) through 2(f) are fragmentary side 
sectional views for explaining steps of preparing a mask 
plate employed in the manufacturing method of Figs. 1(a) to 
1(e); 

Fig. 3 is a perspective view showing a finished 
mask plate; 

Fig. 4(a) is a fragmentary top plan view showing 
oh an enlarged scale, part of the mask plate of Fig. 3; 

Fig. 4(b) is a cross section taken along the line 
IV(b)-IV(b) in Fig. 4(a); 

Figs. 5(a) through 5(f) are fragmentary side 
sectional views similar to Figs. 2(a) through 2(f) for 
explaining steps of preparing a mask plate, which particu- 
larly show a modification thereof; 

Fig. 6(a) is a fragmentary top plan view similar 
to Fig. 4(a) showing on an enlarged scale, part of a mask 
plate produced by the steps of Figs. 5(a) through 5(f); 
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Fig. 6(b) is a cross section taken along the line 

VI(b)-VI(b) in Fig. 6(a); 

Fig. 7 is a diagram showing construction of an 
arrangement for effecting the step of recording guide tracks 
and guide addresses on a photo-resist film coated on a mask 
blank, by collecting Ar laser beams referred to in Fig. 
2(c)? 

Fig. 8 is a fragmentary side sectional view of an 
optical memory element constituted through employment of the 
substrate obtained by the method of Figs. 1(a) through 1(e); 
and 

Fig. 9 is a fragmentary perspective view showing 
construction of a conventional memory substrate (already 
referred to) . 

DETAILED DESCRIPTION OF THE INVENTION 

Before the description of the present invention 
proceeds, it is to be noted that like parts are designated 
by like reference numerals throughout the accompanying 
drawings . 

Referring now to the drawings, a manufacturing 
method of an optical memory element according to the present 
invention will be described. 

In Figs. 1(a) through 1(e), there is shown a 
process for preparing a substrate for an optical memory 
element according to one preferred embodiment of the present 
invention in the order of steps (i) to (v) included therein 
and to be explained in detail hereinbelow. 
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Step (i) A glass substrate for an optical memory ele- 

ment, which has a high reliability against passage of 
oxygen, moisture/ etc. (i.e., which does not readily 
permit passage of oxygen w moisture, etc. therethrough) 
is washed, and a photo-resist layer or film 2 is 
applied onto the glass substrate 1 (Pig. 1 (a) ) . The 
thickness of this photo-resist film 2 should preferably 
be in the order of about 100 to 500 nm. 

Step (ii) A mask plate 3 having guide tracks and guide 
information formed into a pattern configuration is laid 
on the glass substrate 1 applied with said photo-resist 
film 2 in close contact therewith, and ultraviolet rays 
A are irradiated through the mask plate 3 so as to 
transfer mask patterns of said mask plate 3 onto said 
photo-resist film 2 (Fig. 1(b)). In the above case, 
since the optical memory element is in a circular 
shape i it is preferable that the above mask plate 3 is 
also in a circular configuration. 

Step (iii) By causing the photo-resist film 2 in which the 
mask patterns are written, to pass through a developing 
step, grooves are formed in the above photo-resist film 
2 (Fig. 1(c)). 

Step (iv) In the state covered with the photo-resist film 
2 formed with the grooves as described above, wet 
etching or dry etching such as sputtering (reactive ion 
etching) in etching gases such as CF., CHF-, etc. is 
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effected so as to form grooves 4 in the glass substrate 
1 (Fig, 1(d)). 

Step (v) The photo-resist film 2 as described above is 

removed by a solvent such as acetone and the like or 
sputtering in 0 2 , etc. As a result, the grooves 4 are 
left in the glass substrate 1 (Fig. 1(e)). 

By the foregoing steps, the glass substrate 1 
having the grooves 4 representing the guide tracks and guide 
track information is completed. According to the above 
steps, since the mask plate 3 in which the guide tracks and 
guide information are formed into patterns is preliminarily 
prepared, and said mask plate 3 may be successively brought 
into close contact with the surface of the glass substrate 1 
formed with the photo-resist film 2 for the transfer of the 
patterns on the mask plate 3, the recording time for the 
guide patterns can be extremely reduced. 

Subsequently, the process for preparing the above 
mask plate 3 will be described in detail step by step with 
reference to Figs. 2(a) through 2(f). 

Step (i) A disc-like low reflection Cr mask blank 5 is 

first prepared. As shown in Fig. 2(a), the mask blank 
5 includes a silica glass substrate 6 having a favor- 
able transmittance with respect to ultraviolet rays 
(depending on the kinds of ultraviolet rays, the 
substrate 6 may be of an ordinary soda lime glass 
polished at high accuracy) , a Cr film 7 and a 
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reflection preventing CrOx film 8 formed on the sub- 
strate 6. The mask blank 5 may be modified into a 
three-layered film construction including a Cr single 
layer film or CrOx film, a Cr film and another CrOx 
5 film* 

Step (ii) A photo-resist film 9 is coated onto the mask 
blank 5 as described above (Fig. 2(b)), For this 
photo-resist film 9, a positive type film, for example, 
AZ-1400 (name used in trade and manufactured by Shipley 

10 Co., Inc., U.S.A.), etc. may be employed. Although the 

thickness of the photo-resist film 9 may differ 
depending on the power of a laser beam adopted in the 
subsequent step (iii) , it should properly be in the 
range of 100 to 500 ma in a normal practice. 

15 Step (iii) On the mask blank 5 coated with the photo- 
resist film 9 as described above, guide tracks and 
guide addresses are recorded by collecting light of Ar 
laser through an objective lens L (Fig. 2(c)). In the 

o 

case where Ar laser with a wavelength of 4579 A is 
20 employed so as to be collected by the objective lens L 

to have a spot diameter of about 0.5 ym a laser 
power of approximately 10 mW is obtained on the surface 
of said photo-resist film 9, and the track having a 
width of 0.6 urn can be recorded. In this case, light 
25 for the above pattern formation should properly be a 

o 

laser having a wavelength shorter than 5000 A in order 
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to make the patterns of the guide tracks and guide 
addresses finer and also to improve sensitivity of the 
photo-resist film 9. Besides the Ar laser referred to 
above, krypton laser may be effectively utilized. 

Step (iv) By passing the mask blank 5 recorded with the 
guide tracks and guide addresses on the photo-resist 
film 9 in the above step (iii) , through a developing 
step, grooves are formed on said photo-resist film 9 
(Fig. 2 (d)). It is to be noted here that, in the 
diagrams from Pig. 2(d) through Pig. 2(f), magnifica- 
tion is increased in a lateral direction for clarifi- 
cation of the state of processing. 

Step (v) In the state covered by the photo-resist film 9 

formed with the grooves as described above, etching is 
effected to remove the Cr film 7 and the CrOx film 8 at 
the predetermined portions on the glass substrate 6 
(Pig. 2(e)). 

Step (vi) The remaining photo-resist film 9 is further 
removed by a solvent such as acetone and the like, or 
by sputtering in 0 2 , etc. (Fig. 2(f)). As a result, 
laminated layers of the Cr film 7 and the CrOx film 8 
having the grooves representing information for the 
guide tracks and guide addresses may be formed on the 
glass substrate 6. 

By the above steps, the disc-like mask plate 3 

recorded with the spiral guide tracks, and the guide 
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addresses by the intermittently continuous shape of the 
guide tracks, can be obtained. 

As shown in Fig. 3, the mask plate 3 thus prepared 
has an opening 13 formed at its central portion, the pat- 
5 terns of the guide tracks for the optical memory element 
formed at 14, and the patterns of the guide addresses for 
the optical memory element formed at 15. The central 
opening 13 is intended to facilitate the rotational driving 
during manufacture of the mask plate 3. More specifically, 

10 by holding the mask plate 3 with a screw device, magnet 

chuck or the like (not particularly shown) through utiliza- 
tion of the central opening 13 for fixing, the rotation of 
the mask plate 13 is stably effected for an efficient 
processing. However, in the case where a mechanism for 

15 holding the outer peripheral portion of the mask plate 3 or a 
mechanism for holding the mask plate 3 at its entire surface 
by. vacuum attraction, etc. is employed, the central opening 
13 of the mask plate 3 is not necessarily required. 

Fig. 4 (a) is a fragmentary top plan view showing 

20 on an enlarged scale, part of the mask plate in Fig. 3 r 

while Fig. 4 (b) shows a cross section taken along the line 
IV(b)-IV (b) in Fig. 4(a). 

Referring further to Figs. 5(a) through 5(f), 
there is shown a modification of the process for preparing 

25 the mask plate 3B, the steps of which will be sequentially 
described hereinbelow. 
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Step (i) In the similar manner as in the process of Fig. 
2(a), a disc-like low refl ction Cr mask blank 5B is 
first prepared. The modified mask blank 5B includes a 
silica glass substrate 6 having a favorable transmit- 
tance with respect to ultraviolet rays (depending on 
the kinds of ultraviolet rays, the substrate 6 may be 
of an ordinary soda lime glass polished at high 
accuracy), and an ultraviolet curing resin layer R 
having a sufficient flexibility larger than that of 
said glass substrate 6, a CrOx film 8a, a Cr film 7B, 
and another CrOx film 8b successively formed on the 
substrate 6 as illustrated in Fig. 5 (a) . 
Step (ii) A photo-resist film 9 is coated onto the mask 
blank 5B as described above (Fig. 5(b)). For this 
photo-resist film 9, a positive type film, for example, 
AZ-1400 (name used in trade and manufactured by Shipley 
Co., Inc., U.S.A.), etc. may be employed. Although the 
thickness of the photo-resist film 9 may differ 
depending on the power of a laser beam adopted in the 
subsequent step (iii) , it should properly be in the 
range of 100 to 500 nm in a normal practice. 
Step (iii) On the mask blank 5 coated with the photo- 
resist film 9 as described above, guide tracks and 
guide addresses are recorded by collecting light of Ar 
laser through the objective lens L (Fig. 5(c)). In the 

O 

case where Ar laser with a wavelength of 4579 A is 
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employed so as to be collected by the objective lens L 
with a N.A. at 0.75 to have a spot diameter of about 
0.5 urn 4>, a laser power of approximately 10 mW is 
obtained on the surface of said photo-resist film 9, 
5 and the track having a width of 0.6 urn can be recorded. 

In this case, light for the above pattern formation 
should properly be a laser having a wavelength shorter 

o 

than 5000 A in order to make the patterns of the guide 
tracks and guide addresses finer and also to improve 

10 sensitivity of the photo-resist film 9. Besides the Ar 

laser referred to above, krypton laser may be effec- 
tively utilized. 
Step (iv) By passing the mask blank 5B recorded with the 
guide tracks and guide addresses on the photo-resist 

15 film 9 in the above step (iii) , through a developing 

step, grooves are formed on said photo-resist film 9 
(Fig. 5 (d)). It is to be noted here that, in the 
diagrams from Fig. 5(d) through Fig. 5(f), magnifica- 
tion is increased in a lateral direction for clarifi- 

20 cation of the state of processing. 

Step (v) In the state covered by the photo-resist film 9 

formed with the grooves as described above, etching is 
effected to remove the Cr film 7B and the CrOx films 8a 
and 8b at the predetermined portions on the glass 

25 substrate 6 (Fig. 5(e)). 
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Step (vi) The remaining photo-resist film 9 is further 
removed by a solvent such as acetone and the like, or 
by sputtering in 0 2 , etc. (Fig. 5(f)). As a result, 
laminated layers of the Cr film 7B and the CrOx films 
8a and 8b having the grooves representing information 
for the guide tracks and guide addresses may be formed 
on the glass substrate 6. 

By the above steps, the disc-like mask plate 3B 
recorded with the spiral guide tracks at a pitch of 2 ym 
with a width of lym, and the guide addresses by the inter- 
mittently continuous shape of the guide tracks, can be 
obtained. It is to be noted here that in the above mask 
plate 3B, the width at the track address portion should more 
preferably be narrowed for a better address signal quality 
after formation of the grooves on the substrate 6. 

Although not particularly shown, the mask plate 3B 
prepared by the above steps has the shape similar to the 
mask plate 3 shown in Fig. 3, and Fig. 6(a) shows a frag- 
mentary top plan view of part of the mask plate 3B, while 
Fig. 6(b) shows a cross section taken along the line 
VI (b) -VI (b) in Fig . 6 (a) . 

The mask plate 3B thus prepared also has the 
opening 13 at its central portion, the patterns of the guide 
tracks for the optical memory element formed at 14, and the 
patterns of the guide addresses for the optical memory 
element formed at 15 as described with reference to the mask 
plate in Fig. 3. 
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As is seen from the above description, the modi- 
fied mask plate 3B has such construction that the resin 
layer R having a sufficient flexibility larger than that of 
the glass substrate 6 is formed on said substrate 6, while 
the reflecting metallic films of Cr film, etc. cut out into 
the guide pattern configuration to allow ultraviolet rays to 
pass therethrough are further laminated on said resin layer 
R, and therefore, in the case where pressure is applied 
between the mask plate and the glass substrate either 
mechanically or by evacuation therebetween, the mask plate 
and the substrate may be brought to be close to each other 
through flexibility of said resin layer R. 

The above construction of the mask plate 3B may 
further be so modified that the glass substrate 6 is 
replaced by an acrylic resin substrate having a sufficient 
flexibility larger than the glass substrate 6, while reflec- 
ting metallic films in two layers of the Cr film and CrOx 
film or in three layers of the CrOx film, Cr film and CrOx 
film, cut out into the guide pattern configuration are 
laminated on said acrylic resin substrate. In this case, it 
is necessary that the acrylic resin substrate should be one 
capable of sufficiently transmitting ultraviolet rays. 

Subsequently, there will be described the con- 
struction of an apparatus for effecting the step of 
recording the guide tracks and guide addresses on the 
photo-resist film 9 coated over the mask blank 5 through 
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collection of Ar laser thereonto (Fig. 2(c)) with reference 
to Fig. 7. 

In the arrangement of Fig. 7, laser light with a 
wavelength of 4579 A emitted from a light source 16 of Ar 
laser is projected into a beam splitter 20 through a light 
modulator 17 disposed between lenses 18 and 19 for improving 
the efficiency of the modulator 17, and part of the light is 
derived at the beam splitter 20 for power monitoring at a 
photo-detector 21, by the output of which said light modu- 
lator 17 is so controlled that the emitting power of the 
laser light becomes constant. The above function is 
effected to suppress the variation of the emitting power of 
the laser light due to fluctuation of circumstantial condi- 
tions such as room temperatures, etc. 

The laser light is further led into a beam split- 
ter 27 for modulated light monitoring, through a mirror 22 
for changing the direction of the optical path for the laser 
light, a modulator 23 which modulates light for recording 
the guide addresses in the photo-resist film 9 and is 
disposed between lenses 24 and 25 for improving the 
efficiency of the modulator 23, and another mirror 26 for 
further changing the optical path direction of the laser 
light. At the beam splitter 27, part of the light is taken 
out for power monitoring at an optical detector 28. The 
laser light is collected by a spot lens 30 after passing 
through a dichroic mirror 29, and is led into an objective 
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lens 32 through a polarization beam splitter 31. Between 
the beam splitter 31 and the object lens 32 , there are 
provided a 1/4 wavelength plate 33 arranged to meet the 
wavelength of a servo He-Ne laser 34 to be mentioned below, 
5 and an objective lens driving section 35 for applying the 
servo so as to collect the light onto the mask plate 3 at 
all times by vertically moving the objective lens 32. The 
light emitted from the He-Ne laser 34 to be used as the 
servo laser is changed in its optical path direction by a 

10 mirror 36, and is brought into the same optical path as the 
laser optical path by the AR laser light source 16 at a 
dichroic mirror 29. For this dichroic mirror 29, a mirror 
which allows Ar laser wavelength light (4579 A) to pass, but 
subjects He-Ne laser wavelength light (6328 A) to total 

15 reflection, is employed. Meanwhile, for the polarization 
beam splitter 31 referred to earlier, a beam splitter which 
reflects S wave of He-Ne laser light and transmits P wave 
thereof , but subjects Ar laser light to total reflection, is 
to be adopted. Above the polarization beam splitter 31, 

20 there is provided a cylindrical lens 37, and a quarter 

division detector 38 into which the light reflected by the 
mask plate 3 is incident, and the focusing-servo is applied 
by an output of this quarter division detector 38. 

In Fig. 7, the portion 39 surrounded by dotted 

25 lines is arranged to be movably supported by a moving device 
such as an air slider and the like (not shown) , so that when 
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the Ar laser is operated, with the moving device being 
shifted in a radial direction of the rotating mask plate 3, 
the spiral guide tracks and guide addresses may be recorded 
on the photo-resist film in the form of latent images, 
5 In the formation of the grooves for the guide 

tracks and guide addresses with respect to the substrate of 
the optical memory element as described so far, the confi- 
guration of such grooves may be modified, for example, to 
concentric circles, while the information for the guide 

10 addresses is not limited to once per one cycle, but may be 
provided once per two or three cycles or further, several 
times per one cycle. 

Referring to Fig. 8, there is shown, on an 
enlarged scale, a fragmentary side sectional view of the 

15 optical memory element constituted by employing the sub- 
strate obtained by the steps described with reference to 
Figs. 1 (a) through 1 (e) . 

In Fig. 8, the concave and convex grooves 4 (i.e., 
guide tracks) are formed on the glass substrate 1, while a 

20 dielectric film 40, for example, of an Al film, SiO film or 
the like having a refractive index larger than that of the 
glass substrate 1 is coated on said glass substrate 1. The 
dielectric film 40 referred to above has a film thickness in 

e 

the order of about 500 to 1000 A. Onto the dielectric film 
25 40, an alloy thin film 41 (recording medium) composed of a 
rare earth group material such as GdTbFe, TbFe and GdCoFe, 
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etc. and transition metal , is coated. The thickness of this 
alloy thin film 41 is in the order of approximately 50 to 
400 A, and the lower limit thereof is determined by 
preparing conditions of a vertically magnetized film, while 
the upper limit thereof is determined by increasing condi- 
tions of a magneto-optical effect, and accordingly, the 
proper film thickness of the above alloy thin film 41 
depends on the method for the film formation. In the case 
where the alloy thin film 41 is formed by sputtering, if the 

o 

film thickness is less than about 50 A, it is difficult to 
obtain the vertically magnetized film, and therefore, said 
film thickness is required to be larger than approximately 
50 A. Over the alloy thin layer 41 as described above, 
another dielectric film 42 of AJ&N, Si0 2 / etc. and a reflec- 
ting film 43 made of metals such as Cu, Al, stainless steel, 
Ni, etc., are formed. These dielectric film 42 and reflec- 
ting f i lm 43 have functions to expedite improvement o f 
characteristics for the magneto-optical effect, and also, to 
prevent oxygen and moisture from reaching the alloy thin 
film 41. On the reflecting film 43, there are further 
formed a bonding layer 44 and a protecting plate 45 made of 
glass, acrylic resin or the like, and bonded by said bonding 
layer 44. It may further be so modified, for example, that 
instead of employing the protecting plate 45, two sheets of 
memory elements are stuck back to back, to each other so as 
to provide a memory element for use at opposite surfaces. 
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In the foregoing embodiments # although the present 
invention has been mainly described with reference to the 
optical magnetic memory element or the reflecting film 
construction , the concept of the present invention is not 
limited in its application to such optical magnetic memory 
element alone , but may readily be applied to an optical 
magnetic memory element of a single layer film structure 
having a construction in which the thickness of the alloy 
thin film 41 in Fig. 8 is increased to omit the reflecting 
film 43, and also to an optical memory element of an addi- 
tional recording type employing Te, TeS, TeOx, etc. as 
recording mediums. 

As is clear from the foregoing description , 
according to the present invention, it is not required to 
employ resin materials in the formation of the guide signals 
or guide addresses for the optical memory element, and 
therefore, oxygen, moisture or the like is prevented from 
reaching the recording medium, thus providing optical memory 
elements at high reliability. Furthermore, according to the 
present invention, since the grooves for the guide patterns 
are efficiently and precisely formed on the substrate for 
the optical memory element, mass-productivity of optical 
memory elements can be markedly improved. 

Although the present invention has been fully 
described by way of example with reference to the 
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accompanying drawings, it is to be noted here that various 
changes and modifications will be apparent to those skilled 
in the art. Therefore, unless otherwise such changes and 
modifications depart from the scope of the present inven- 
tion, they should be construed as included therein. 
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What is claimed is: 

1. A method of manufacturing an optical memory 
element, which comprises the steps of: 

(a) applying a first photo-resist film (2) onto a 
glass substrate (1) for an optical memory element; 

(b) laying a mask plate (3) on said glass substrate 
(1) applied with said first photo-resist film (2), said 
mask plate (3) being prepared by covering a surface of 
a transparent substrate (6) with metallic films formed 
into a guide pattern configuration; 

(c) irradiating ultraviolet rays onto said first 
photo-resist film (2) through said mask plate (3); 

(d) transferring the guide patterns of said mask plate 
(3) onto said first photo-resist film (2); and 

(e) engraving the guide patterns in said glass sub- 
strate (1) by etching after developing said first 
photo-resist film (2) . 

2. A method of manufacturing an optical memory 
element as claimed in Claim 1, wherein said mask plate (3) 
is prepared by the steps of applying a second photo-resist 
film (9) onto the metallic films (7, 8) formed on said 
transparent substrate (6) , recording the guide patterns on 
said second photo-resist film (9) by laser beam, and forming 
said guide pattern configuration in said metallic films 
(7, 8) by etching after developing said second photo-resist 
film (9)* 
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3. a method of manufacturing an optical memory 
element as claimed in Claim 2, wherein said mask plate (3) 
is a rotary member in a circular shape, said laser beam 
being irradiated from a structure moving in a radial direc- 
tion of said mask plate (3) . 

4. a method of manufacturing an optical memory 
element as claimed in Claim 3 r wherein said mask plate (3) 
is formed with an opening (13) so as to be fixedly supported 
thereby with respect to a rotating drive member. 

5. a method of manufacturing an optical memory 
element, which comprises the steps of; 

(a) applying a first photo-resist film (2) onto a 
glass substrate (1) for an optical memory element; 

(b) laying a mask plate (3B) on said glass substrate 
(1) applied with said first photo-resist film (2) , said 
mask plate (3B) being prepared by covering a surface of 
a resin layer (R) having a sufficient flexibility 
larger than that of a transparent substrate (6) for 
said mask plate (3B) with metallic films formed into a 
guide pattern configuration? 

(c) irradiating ultraviolet rays onto said first 
photo-resist film (2) through said mask plate (3B) ; 

(d) transferring the guide patterns of said mask plate 
(3) onto said first photo-resist film (2) ; and 

(e) engraving the guide patterns in said glass sub- 
strate (1) by etching after developing said first 
photo-resist film (2) • 
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Description 

The present invention generally relates to op- 
tical memory and more particularly, to a method of 
manufacturing an optical memory element for opti- 
cally recording and reproducing information. 

In recent years, particular attention has been 
directed to an optical memory device as a memory 
unit with a large capacity and also a high density. 
The reason why the optical memory device can 
provide the high density and large capacity is such 
that since, the bit which is a recording unit of 
information is determined only by a beam diameter 
of light, its configuration may be formed to have a 
size approximately in the order of one jim in diam- 
eter. The above fact, however, imposes various 
limitations on an optical memory device. More spe- 
cifically, in order to record information at a certain 
predetermined position or to reproduce information 
recorded at a certain predetermined position, it 
becomes necessary to position a light beam ex- 
tremely accurately. 

Generally, in an optical memory device exclu- 
sive for reproduction, address information can be 
preliminarily included in the recorded bit, thus mak- 
ing it possible to position the light beam during 
reproduction of the recorded information, but in an 
additionally recorded memory or in a memory ca- 
pable of being rewritten, it is extremely difficult to 
record the address information simultaneously dur- 
ing the information recording. Accordingly, with re- 
spect to the additionally recorded memory or in the 
memory which can be rewritten, there has been 
adopted a practice to have certain guide tracks or 
guide addresses preliminarily included In a mem- 
ory substrate. 

By way of example, as illustrated in Fig. 9 
showing a fragmentary perspective view of a con- 
ventional memory substrate for an additionally re- 
corded memory or a memory capable of being 
rewritten, h has been a common practice to form 
concave and convex grooves g in a substrate S for 
recording or reproducing information along said 
grooves g. These concave and convex grooves g 
have a configuration intermittently extending in a 
circumferential direction of the substrate S, thereby 
to impart bit information indicating addresses of the 
grooves g. 

There have already been proposed several 
processes for forming such concave and convex 
grooves, which may be broadly divided into the 
following three kinds of practices. 

(i) A process which employs acrylic resin or 
polycarbonate resin so as to form the concave 
and convex grooves as described above by 
injection molding. By this molding, configura- 
tions of an Ni stamper preliminarily formed with 
th guide tracks and guid addresses are 



copied or transcribed. 

(ii) A casting process in which molten acrylic 
resin is poured into th Ni stamper preliminarily 
formed with the guide tracks and guide ad- 

5 dresses as described above for curing or har- 
dening through heating. 

(iii) A so-called "2P° process in which an ul- 
traviolet curing resin is poured between a sub- 
strate such as an acrylic resin substrate, glass 

70 substrate or the like and the Ni stamper prelimi- 
narily formed with the guide tracks and guide 
addresses as described above for irradiation 
thereonto of ultraviolet rays through said sub- 
strate, so as to cure or harden said resin, with a 
75 subsequent removal of said Ni stamper. 

However, since each of the above processes 
employs a resin, there is a possibility that oxygen 
or moisture, etc. undesirably reaches a recording 
medium through the resin, thus resulting in such a 
20 disadvantage that the recording medium is deterio- 
rated in quality. 

In order to overcome the inconvenience as 
described above, the present inventors have al- 
ready proposed in Japanese Patent Application 
25 Tokugansho No. 58-84613 corresponding to the 
earlier European Patent Application 0 126 594 pub- 
lished on November 28, 1984, a manufacturing 
process including steps of applying a photo-resist 
material onto a glass substrate, further applying a 
30 laser beam to the photo-resist material for record- 
ing guide patterns (guide tracks and guide ad- 
dresses), and subsequently, forming grooves in the 
form of the guide patterns by etching. 

The above process, however, still has a dls- 
35 advantage in that, since each of the guide patterns 
must be successively recorded for each track by 
the laser beam, a long time is required for the 
recording and thus, the process is not fully suited 
to mass-production. The above document also 
40 comprises an indication that instead of using a 
laser beam a photomask could be used. 

Accordingly, an essential object of the present 
invention is to provide an improved method of 
manufacturing an optical memory element, which is 
45 capable of effecting formation of grooves indicative 
of information related to guide tracks, guide ad- 
dresses, etc. with respect to a substrate of the 
optical memory element, in a short period of time 
and at high accuracy through an improvement over 
so the manufacturing method disclosed in said Japa- 
nese Patent Application Tokugansho 58-84613. 

Another important object of the present inven- 
tion is to provide a method of manufacturing an 
optical memory element as described abov , which 
55 is simple in steps and readily introduced into a 
production line of the optical memory element. 

In accomplishing these and other objects, ac- 
cording to one preferred embodiment of the 
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present invention, there is provided a m thod for 
manufacturing an optical memory element which 
includes the steps of applying a first photo-resist 
film onto a glass substrate for an optical memory 
element, laying a mask plate on the glass substrate 
applied with the first photo-resist film, with the 
mask plate being prepared by covering a surface 
of a transparent substrate with metallic films 
formed into a guide pattern configuration, irradiat- 
ing ultraviolet rays onto the first photo-resist film 
through the mask plate, transferring the guide pat- 
terns of the mask plate onto the first photo-resist 
film, and engraving the guide patterns in the glass 
substrate by etching after developing the first 
photo-resist film. 

Moreover, according to a modification of the 
present invention, the method of manufacturing the 
optical memory element includes the steps of ap- 
plying a first photo-resist film onto a glass sub- 
strate for an optical memory element, laying a 
mask plate on the glass substrate applied with the 
first photo-resist film with the mask plate compris- 
ing a resin layer, with metallic films formed into a 
guide pattern configuration on a surface of the 
resin layer, irradiating ultraviolet rays onto the first 
photo-resist film through the mask plate, transfer- 
ring the guide patterns of the mask plate onto the 
first photo-resist film, and engraving the guide pat- 
terns in the glass substrate by etching after devel- 
oping the first photo-resist film. 

By the procedures according to the present 
invention as described above, an improved method 
of manufacturing an optical memory element has 
been advantageously presented. 

These and other objects and features of the 
present invention will become apparent from the 
following description taken in conjunction with the 
preferred embodiment thereof with reference to the 
accompanying drawings, in which: 

Figs. 1(a) through 1(e) are fragmentary side 
sectional views for explaining a method of man- 
ufacturing a substrate of an optica) memory ele- 
ment according to one preferred embodiment of 
the present invention; 

Figs. 2(a) through 2(f) are fragmentary side sec- 
tional views for explaining steps of preparing a 
mask plate employed in the manufacturing 
method of Figs. 1(a) to 1(e); 
Fig. 3 is a perspective view showing a finished 
mask plate; 

Fig. 4(a) is a fragmentary top plan view showing 
on an enlarged scale, part of the mask plate of 
Fig. 3; 

Fig. 4(b) is a cr ss section taken along the line 
IV(b)-IV(b) in Rg. 4(a); 

Figs. 5(a) through 5(f) are fragmentary side sec- 
tional views similar to Figs. 2(a) through 2(f) for 
explaining steps of preparing a mask plate, 



which particularly show a modification thereof; 
Rg. 6(a) is a fragmentary top plan view similar 
to Rg. 4(a) showing on an enlarged scale, part 
of a mask plate produced by the steps of Rgs. 
s 5(a) through 5(f); 

Rg. 6(b) is a cross section taken along the line 
VI(b)-VI(b) in Rg. 6(a); 

Rg. 7 is a diagram showing construction of an 
arrangement for effecting the step of recording 
10 guide tracks and guide addresses on a photo- 
resist film coated on a mask blank, by collecting 
Ar laser beams referred to in Rg. 2(c); 
Rg. 8 is a fragmentary side sectional view of an 
optical memory element constituted through em- 
1$ ployment of the substrate obtained by the meth- 
od of Rgs. 1(a) through 1(e); and 
Rg. 9 is a fragmentary perspective view show- 
ing construction of a conventional memory sub- 
strate (already referred to). 
20 Before the description of the present invention 
proceeds, it is to be noted that like parts are 
designated by like reference numerals throughout 
the accompanying drawings. 

Referring now to the drawings, a manufacturing 
25 method of an optical memory element according to 
the present invention will be described. 

In Rgs. 1(a) through 1(e), there is shown a 
process for preparing a substrate for an optical 
memory element according to one preferred em- 
30 bodiment of the present invention in the order of 
steps (i) to (v) included therein and to be explained 
in detail hereinbelow. 

Step (i) A glass substrate for an optical memory 
element, which has a high reliability against pas- 
35 sage of oxygen, moisture, etc. (i.e., which does 
not readily permit passage of oxygen, moisture, 
etc. therethrough) is washed, and a photo-resist 
layer or film 2 is applied onto the glass sub- 
strate 1 (Rg. 1(a)). The thickness of this photo- 
40 resist film 2 should preferably be in the order of 
about 100 to 500 nm. 

Step (ii) A mask plate 3 having guide tracks and 
guide information formed into a pattern configu- 
ration is laid on the glass substrate 1 applied 

45 with said photo-resist film 2 in close contact 
therewith, and ultraviolet rays A are irradiated 
through the mask plate 3 so as to transfer mask 
patterns of said mask plate 3 onto said photo- 
resist film 2 (Rg. 1(b)). In the above case, since 

so the optical memory element is in a circular 
shape, it is preferable that the above mask plate 
3 is also in a circular configuration. 
St p (iii) By causing the photo-resist film 2 in 
which the mask patterns are written, to pass 

55 through a dev loping step, grooves are formed 
in the above photo-resist film 2 (Rg. 1(c)). 
Step (iv) In the state covered with the photo- 
resist film 2 formed with the grooves as de- 
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scrib d ab ve. wet tching or dry etching such 
as sputtering (reactive ion etching) in etching 
gases such as CF*. CHF 3 , etc. is effected so as 
to form grooves 4 in the glass substrate 1 (Fig. 
1(d)). 

Step (v) The photo-resist film 2 as described 
above is removed by a solvent such as acetone 
and the like or sputtering in 0 2 , etc. As a result, 
the grooves 4 are left in the glass substrate 1 
(Fig. 1(e)). 

By the foregoing steps, the glass substrate 1 
having the grooves 4 representing the guide tracks 
and guide track information is completed. Accord- 
ing to the above steps, since the mask plate 3 in 
which the guide tracks and guide information are 
formed into patterns is preliminarily prepared, and 
said mask plate 3 may be successively brought 
into close contact with the surface of the glass 
substrate 1 formed with the photo-resist film 2 for 
the transfer of the patterns on the mask plate 3, the 
recording time for the guide patterns can be ex- 
tremely reduced. 

Subsequently, the process for preparing the 
above mask plate 3 will be described in detail step 
by step with reference to Rgs. 2(a) through 2(f). 
Step (i) A disc-like low reflection Cr mask blank 
5 is first prepared. As shown in Fig. 2(a), the 
mask blank 5 includes a silica glass substrate 6 
having a favorable transmittance with respect to 
ultraviolet rays (depending on the kinds of ul- 
traviolet rays, the substrate 6 may be of an 
ordinary soda lime glass polished at high accu- 
racy), a Cr film 7 and a reflection preventing 
CrOx film 8 formed on the substrate 6. The 
mask blank 5 may be modified into a three- 
layered film construction including a Cr single 
layer film or CrOx film, a Cr film and another 
CrOx film. 

Step (ii) A photo-resist film 9 is coated onto the 
mask blank 5 as described above (Fig. 2(b)). For 
this photo-resist film 9, a positive type film, for 
example, AZ-1400 (name used in trade and 
manufactured by Shipley Co., Inc., U.SA), etc. 
may be employed. Although the thickness of the 
photo-resist film 9 may differ depending on the 
power of a laser beam adopted in the subse- 
quent step (iii), it should properly be in the 
range of 100 to 500 nm in a normal practice. 
Step (Hi) On the mask blank 5 coated with the 
photo-resist film 9 as described above, guide 
tracks and guide addresses are recorded by 
collecting light of Ar laser through an objective 
lens L (Fig. 2(c)). In the case where Ar laser with 
a wavelength of 457.9 nm (4579 A) is employed 
so as to be collected by the objective lens L to 
have a spot diameter of about 0.5 fim 0, a laser 
power of approximately 10 mW is obtained on 
the surface of said photo-resist film 9, and the 



track having a width of 0.6 can b recorded. 
In this case, light for the above pattern formation 
should properly be a laser having a wavelength 
shorter than 500 nm (5000 A) In ord r to make 
5 the patterns of the guide tracks and guide ad- 
dresses finer and also to improve sensitivity of 
the photo-resist film 9. Besides the Ar laser 
referred to above, krypton laser may be effec- 
tively utilized. 

w Step (Iv) By passing the mask blank 5 recorded 
with the guide tracks and guide addresses on 
the photo-resist film 9 in the above step (iii), 
through a developing step, grooves are formed 
on said photo-resist film 9 (Fig. 2 (d)). It is to be 

75 noted here that, in the diagrams from Fig. 2(d) 
through Fig. 2(f), magnification is increased in a 
lateral direction for clarification of the state of 
processing. 

Step (v) In the state covered by the photo-resist 
20 film 9 formed with the grooves as described 
above, etching is effected to remove the Cr film 
7 and the CrOx film "8 at the predetermined 
portions on the glass substrate 6 (Fig. 2(e)). 
Step (vi) The remaining photo-resist film 9 is 
25 further removed by a solvent such as acetone 
and the like, or by sputtering in O2, etc. (Fig. 2- 
(0). As a result laminated layers of the Cr film 7 
and the CrOx film 8 having the grooves repre- 
senting information for the guide tracks and 
30 guide addresses may be formed on the glass 
substrate 6. 

By the above steps, the disc-like mask plate 3 
recorded with the spiral guide tracks, and the guide 
addresses by the intermittently continuous shape 
35 of the guide tracks, can be obtained. 

As shown in Fig. 3, the mask plate 3 thus 
prepared has an opening 13 formed at its central 
portion, the patterns of the guide tracks for the 
optical memory element formed at 14, and the 
40 patterns of the guide addresses for the optical 
memory element formed at 15. The central open- 
ing 13 is Intended to facilitate the rotational driving 
during manufacture of the mask plate 3. More 
specifically, by holding the mask plate 3 with a 
45 screw device, magnet chuck or the like (not par- 
ticularly shown) through utilization of the central 
opening 13 for fixing, the rotation of the mask plate 
13 is stably effected for an efficient processing. 
However, in the case where a mechanism for hold- 
so ing the outer peripheral portion of the mask plate 3 
or a mechanism for holding the mask plate 3 at its 
entire surface by vacuum attraction, etc. is em- 
ployed, the central opening 13 of the mask plate 3 
Is not necessarily required. 
65 Rg. 4(a) is a fragmentary top plan view show- 
ing n an enlarged scale, part of the mask plate in 
Fig. 3, while Rg. 4(b) shows a cross section taken 
along th line IV(b)-IV(b) in Rg. 4(a). 
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Referring further to Rgs. 5(a) through 5(f), 
there is shown a modification of the process for 
preparing the mask plate 3B, the steps of which 
will be sequentially described hereinbelow. 

Step (i) In the similar manner as in the process 
of Fig. 2(a), a disc-like low reflection Cr mask 
blank 5B is first prepared. The modified mask 
blank 5B includes a silica glass substrate 6 
having a favorable transmrttance with respect to 
ultraviolet rays (depending on the kinds of ul- 
traviolet rays, the substrate 6 may be of an 
ordinary soda lime glass polished at high accu- 
racy), and an ultraviolet curing resin layer R 
having a sufficient flexibility larger than that of 
said glass substrate 6, a CrOx film 8a, a Cr film 
7B, and another CrOx film 8b successively 
formed on the substrate 6 as illustrated in Rg. 
5(a). 

Step (ii) A photo-resist film 9 is coated onto the 
mask blank 5B as described above (Fig. 5(b)). 
For this photo-resist film 9, a positive type film, 
for example, AZ-1400 (name used in trade and 
manufactured by Shipley Co., Inc., U.S.A.), etc. 
may be employed. Although the thickness of the 
photo-resist film 9 may differ depending on the 
power of a laser beam adopted in the subse- 
quent step (Hi), it should properly be in the 
range of 100 to 500 nm in a normal practice. 
Step (iii) On the mask blank 5 coated with the 
photo-resist film 9 as described above, guide 
tracks and guide addresses are recorded by 
collecting light of Ar laser through the objective 
lens L (Fig. 5(c)). in the case where Ar laser with 
a wavelength of 457.9 nm (4579 A) is employed 
so as to be collected by the objective lens L 
with a N A at 0.75 to have a spot diameter of 
about 0.5 /xm 0, a laser power of approximately 
10 mW is obtained on the surface of said photo- 
resist film 9, and the track having a width of 0.6 
fim can be recorded. In this case, light for the 
above pattern formation should properly be a 
laser having a wavelength shorter than 500 nm 
(5000 A) in order to make the patterns of the 
guide tracks and guide addresses finer and also 
to improve sensitivity of the photo-resist film 9. 
Besides the Ar laser referred to above, krypton 
laser may be effectively utilized. 
Step (iv) By passing the mask blank 5B re- 
corded with the guide tracks and guide ad- 
dresses on the photo-resist film 9 in the above 
step (iii), through a developing step, grooves are 
formed on said photo-resist film 9 (Rg. 5 (d)). It 
is to be noted here that, in the diagrams from 
Rg. 5(d) through Rg. 5(f), magnification is in- 
creased in a lateral direction for clarification of 
the state of processing. 

Step (v) In the state covered by the photo-resist 
film 9 formed with the grooves as described 



above, etching is effected to remove the Cr film 
7B and the CrOx films 8a and 8b at the pre- 
determined portions on the glass substrate 6 
(Rg. 5(e)). 

5 Step (vi) The remaining photo-resist film 9 is 
further removed by a solvent such as acetone 
and the like, or by sputtering in 0 2 , etc. (Rg. 5 
(0). As a result laminated layers of the Cr film 
7B and the CrOx films 8a and 8b having the 
10 grooves representing information for the guide 
tracks and guide addresses may be formed on 
the glass substrate 6. 
By the above steps, the disc-like mask plate 
3B recorded with the spiral guide tracks at a pitch 
76 of 2 pm with a width of 1/im, and the guide ad- 
dresses by the intermittently continuous shape of 
the guide tracks, can be obtained. It is to be noted 
here that in the above mask plate 3B, the width at 
the track address portion should more preferably 
20 be narrowed for a better address signal quality 
after formation of the grooves on the substrate 6. 

Although not particularly shown, the mask plate 
3B prepared by the above steps has the shape 
similar to the mask plate 3 shown in Rg. 3, and 
25 Rg. 6(a) shows a fragmentary top plan view of part 
of the mask plate 3B, while Rg. 6(b) shows a cross 
section taken along the line VI(b)-VI(b) in Rg. 6(a). 

The mask plate 3B thus prepared also has the 
opening 13 at its central portion, the patterns of the 
30 guide tracks for the optical memory element 
formed at 14. and the patterns of the guide ad- 
dresses for the optical memory element formed at 
15 as described with reference to the mask plate in 
Rg. 3. 

35 As is seen from the above description, the 
modified mask plate 3B has such construction that 
the resin layer R having a sufficient flexibility larger 
than that of the glass substrate 6 is formed on said 
substrate 6, while the reflecting metallic films of Cr 

40 film,, etc. cut out into the guide pattern configura- 
tion to allow ultraviolet rays to pass therethrough 
are further laminated on said resin layer R, and 
therefore, in the case where pressure is applied 
between the mask plate and the glass substrate 

45 either mechanically or by evacuation therebetween, 
the mask plate and the substrate may be brought 
to be close to each other through flexibility of said 
resin layer R. 

The above construction of the mask plate 3B 

so may further be so modified that the glass substrate 
6 is replaced by an acrylic resin substrate having a 
sufficient flexibility larger than the glass substrate 
6, while reflecting metallic films in two layers of the 
Cr film and CrOx film or in three layers of the CrOx 

55 film, Cr film and CrOx film, cut out into the guide 
pattern configuration are laminated on said acrylic 
resin substrate. In this case, it is necessary that the 
acrylic resin substrate should be one capable of 
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sufficiently transmitting ultraviolet rays. 

Subsequently, there will be described the con- 
struction of an apparatus for effecting the step of 
recording the guide tracks and guide address. s on 
the photo-resist film 9 coated over the mask blank 
5 through collection of Ar laser thereonto (Fig. 2(c)) 
with reference to Fig. 7. 

In the arrangement of Ftg. 7, laser light with a 
wavelength of 457.9 nm (4579 A) emitted from a 
light source 16 of Ar laser is projected into a beam 
splitter 20 through a light modulator 17 disposed 
between lenses 18 and 19 for improving the effi- 
ciency of the modulator 17, and part of the light is 
derived at the beam splitter 20 for power monitor- 
ing at a photo-detector 21 , by the output of which 
said light modulator 17 is so controlled that the 
emitting power of the laser light becomes constant 
The above function is effected to suppress the 
variation of the emitting power of the laser light due 
to fluctuation of circumstantial conditions such as 
room temperatures, etc. 

The laser light is further led into a beam splitter 
27 for modulated light monitoring, through a mirror 
22 for changing the direction of the optical path for 
the laser light, a modulator 23 which modulates 
light for recording the guide addresses in the 
photo-resist film 9 and is disposed between lenses 
24 and 25 for improving the efficiency of the 
modulator 23, and another mirror 26 for further 
changing the optical path direction of the laser 
light. At the beam splitter 27, part of the light is 
taken out for power monitoring at an optical detec- 
tor 28. The laser light is collected by a spot lens 30 
after passing through a dichroic mirror 29, and is 
fed into an objective lens 32 through a polarization 
beam splitter 31. Between the beam splitter 31 and 
the object lens 32, there are provided a 1/4 
wavelength plate 33 arranged to meet the 
wavelength of a servo He-Ne laser 34 to be men- 
tioned below, and an objective lens driving section 
35 for applying the servo so as to collect the light 
onto the mask plate 3 at all times by vertically 
moving the objective lens 32. The light emitted 
from the He-Ne laser 34 to be used as the servo 
laser is changed in its optical path direction by a 
mirror 36, and is brought into the same optical path 
as the laser optical path by the AR laser light 
source 16 at a dichroic mirror 29. For this dichroic 
mirror 29, a mirror which allows Ar laser 
wavelength light (457.9 nm (4579 A)) to pass, but 
subjects He-Ne laser wavelength light (632.8 nm 
(6328 A)) to total reflection, is employed. Mean- 
while, for the polarization beam splitter 31 referred 
to earlier, a beam splitter which reflects S wave of 
He-Ne laser light and transmits P wave thereof, but 
subjects Ar laser light to total reflection, is to be 
adopted. Above the polarization beam splitter 31, 
there is provided a cylindrical lens 37, and a quar- 



ter division detector 38 into which the fight re- 
flected by the mask plate 3 is incident, and the 
focusing-servo is applied by an output of this quar- 
ter division detector 38. 

5 In Fig. 7, the portion 39 surrounded by dotted 

lines is arranged to be movably supported by a 
moving device such as an air slider and the like 
(not shown), so that when the Ar laser is operated, 
with the moving device being shifted in a radial 

io direction of the rotating mask plate 3, the spiral 
guide tracks and guide addresses may be record- 
ed on the photo-resist film in the form of latent 
images. 

In the formation of the grooves for the guide 

75 tracks and guide addresses with respect to the 
substrate of the optical memory element as de- 
scribed so far, the configuration of such grooves 
may be modified, for example, to concentric cir- 
cles, while the information for the guide addresses 

20 is not limited to once per one cycle, but may be 
provided once per two or three cycles or further, 
several times per one cycle. 

Referring to Fig. 8, there is shown, on an 
enlarged scale, a fragmentary side sectional view 

25 of the optical memory element constituted by em- 
ploying the substrate obtained by the steps de- 
scribed with reference to Figs. 1(a) through 1(e). 

In Fig. 8, the concave and convex grooves 4 
(i.e., guide tracks) are formed on the glass sub- 

30 strate 1, while a dielectric film 40, for example, of 
an At film, SiO film or the like having a refractive 
index larger than that of the glass substrate 1 is 
coated on said glass substrate 1. The dielectric film 
40 referred to above has a film thickness in the 

as order of about 50 to 100 nm (500 to 1000 A). Onto 
the dielectric film 40, an alloy thin film 41 
(recording medium) composed of a rare earth 
group material such as GdTbFe, TbFe and 
GdCoFe, etc. and transition metal, is coated. The 

40 thicknejss of this alloy thin film 41 is in the order of 
approximately 5 to 40 nm (50 to 400 A), and the 
lower limit thereof is determined by preparing con- 
ditions of a vertically magnetized film, while the 
upper limit thereof is determined by increasing 

45 conditions of a magneto-optical effect, and accord- 
ingly, the proper film thickness of the above alloy 
thin film 41 depends on the method for the film 
formation. In the case where the alloy thin film 41 
is formed by sputtering, if the film thickness is less 

so than about 5 nm (50 A), it is difficult to obtain the 
vertically magnetized film, and therefore, said film 
thickness is required to be larger than approxi- 
mately 5nm (50 A). Over the alloy thin layer 41 as 
described above, another dielectric film 42 of AtN, 

55 S1O2, etc. and a reflecting film 43 made of metals 
such as Cu, Al, stainless steel, Ni, etc., are formed. 
These dielectric film 42 and reflecting film 43 have 
functions to expedite improvement of characteris- 
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tics for the magneto-optical effect, and also, to 
prevent oxygen and moisture from reaching the 
alloy thin film 41. On the reflecting film 43, there 
are further formed a bonding layer 44 and a pro- 
tecting plate 45 made of glass, acrylic resin or the 
like, and bonded by said bonding layer 44. It may 
further be so modified, for example, that instead of 
employing the protecting plate 45, two sheets of 
memory elements are stuck back to back, to each 
other so as to provide a memory element for use at 
opposite surfaces. 

In the foregoing embodiments, although the 
present invention has been mainly described with 
reference to the optical magnetic memory element 
of the reflecting film construction, the concept of 
the present invention is not limited in its application 
to such optical magnetic memory element alone, 
but may readily be applied to an optical magnetic 
memory element of a single layer film structure 
having a construction in which the thickness of the 
alloy thin film 41 in Rg. 8 is increased to omit the 
reflecting film 43, and also to an optical memory 
element of an additional recording type employing 
Te, TeS, TeOx, etc. as recording mediums. 

As is clear from the foregoing description, ac- 
cording to the present invention, it is not required 
to employ resin materials in the formation of the 
guide signals or guide addresses for the optical 
memory element, and therefore, oxygen, moisture 
or the like is prevented from reaching the recording 
medium, thus providing optical memory elements 
at high reliability. Furthermore, according to the 
present invention, since the grooves for the guide 
patterns are efficiently and precisely formed on the 
substrate for the optical memory element, mass- 
productivity of optical memory elements can be 
markedly improved. 

Claims 

1- A method of manufacturing an optical memory 
element, which comprises the steps of: 

(a) applying a first photo-resist film (2) onto 
a glass substrate (1) for an optical memory 
element; 

(b) laying a mask plate (3) on said glass 
substrate (1) applied with said first photo- 
resist film (2), said mask plate (3) being 
prepared by covering a surface of a trans- 
parent substrate (6) with metallic films 
formed into a guide pattern configuration; 

(c) irradiating ultraviolet rays onto said first 
photo-resist film (2) through said mask plate 
(3); 

(d) transferring the guide patterns of said 
mask plate (3) onto said first photo-resist 
film (2); and 

(e) ngraving the guide patterns in said 



glass substrate (1) by etching after develop- 
ing said first photo-resist film (2). 

2. A method of manufacturing an optical memory 
s element as claimed in Claim 1, wherein said 

mask plate (3) is prepared by the steps of 
applying a second photo-resist film (9) onto the 
metallic films (7, 8) formed on said transparent 
substrate (6), recording the guide patterns on 
10 said second photo-resist film (9) by laser 

beam, and forming said guide pattern configu- 
ration in said metallic films (7, 8) by etching 
after developing said second photo-resist film 
(9). 

75 

3- A method of manufacturing an optical memory 
element as claimed in Claim 2, wherein said 
mask plate (3) is a rotary member in a circular 
shape, said laser beam being irradiated from a 
20 structure moving in a radial direction of said 
mask plate (3). 

4. A method of manufacturing an optical memory 
element as claimed in Claim 3, wherein said 

25 mask plate (3) is formed with an opening (13) 
so as to be fixedly supported thereby with 
respect to a rotating drive member. 

5. A method of manufacturing an optical memory 
30 element as claimed in any of the claims 1-4, 

wherein said mask plate 3(B) comprises a res- 
in layer (R) on a surface of which said metallic 
films are formed. 

35 Revendications 

1. ProcedS de fabrication d'un element de m6- 
moire optique comprenant les Stapes assis- 
tant 

40 (a) appliquer une premiere pellicule de ma~ 

tiere photosensible (2) sur un substrat en 
verre (1) pour Element de mSmoire optique; 

(b) poser une plaque formant masque (3) 
sur ledit substrat en verre (1) auquel a 6t£ 

45 applique'e ladite premiere pellicule de ma- 

tiere photosensible (2), ladite plaque for- 
mant masque (3) elant prepare en recou- 
vrant une surface d'un substrat transparent 
(6) de pellicules mStalliques formees de 

so manfere a constituer une configuration de 

dessins de guidage; 

(c) irradier de rayons ultraviolets ladite pre- 
miere pellicule de matiere photosensibl (2) 
h travers ladite plaque formant masque (3); 

55 (d) transferer les dessins de guidage de 

ladite plaque formant masque (3) sur ladite 
premP re p llicule de mat&re photosensible 
(2); et 
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(e) graver les dessins d guidag dans (edit 
substrat en verre (1) par attaque apres de- 
veloppement de ladite premiere pellicule de 
matiere photosensible (2). 

2. Precede* de fabrication d'un Element de me- 
moire optique selon la revendication 1, dans 
lequel ladite plaque formant masque (3) est 
pr€par€e a Taide des Stapes consistant a ap- 
pliquer une seconde pellicule de matiere pho- 
tosensible (9) sur les pellicules mStalliques (7, 
8) formers sur ledit substrat transparent (6), a 
enregistrer les dessins de guidage sur ladite 
seconde pellicule de matiere photosensible (9) 
a I'aide d'un faisceau laser et a former ladite 
configuration de dessins de guidage dans les- 
dites pellicules metailiques (7, 8) par attaque 
apres developpement de ladite seconde pelli- 
cule photosensible (9). 

3. Proc&ie* de fabrication d'un element de m6- 
moire optique selon la revendication 2, dans 
lequel ladite plaque formant masque (3) est un 
6!6ment rotatif de forme circulate, i'irradiation 
du faisceau laser etant effectuee a partir d'une 
structure se dSplacant dans une direction ra- 
diale de ladite plaque formant masque (3). 

4. Precede de fabrication d'un element de me- 
moir© optique selon la revendication 3, dans 
lequel ladite plaque formant masque (3) est 
dotSe d'une ouverture (13) de maniere a etre 
supported de fagon fixe a I'aide de celle-ci par 
rapport a un Element d'entraTnement rotatif. 

5. Procede de fabrication d'un element de m6- 
moire optique selon I'une quelconque des re- 
vendications 1 a 4, dans lequel ladite plaque 
formant masque (3B) comprend une couche 
de resine (R) sur une surface de laquelle sont 
fornixes des pellicules metalliques. 



(2) durch die Mask nplatte (3) mit ultravio- 
letter Strahlung; 

(d) Obertragung der Lertmuster der Masken- 
platte (3) auf den ersten Photoresist-Film 

5 (2); und 

(e) Bngravieren der Lertmuster in den Glas- 
trager (1) durch Atzen nach Entwickeln des 
ersten Photoresist-Films (2). 

w 2. Verfahren zur Herstellung eines optischen 
Speichereiements nach Anspruch 1, wobei die 
Maskenpiatte (3) hergestellt wird durch die 
Schritte des Aufbringens eines zweiten 
Photoresist-Films (9) auf die auf dem transpa- 

75 renten Substrat (6) gebildeten metallischen Fil- 
me (7, 8), Aufzeichnen des Leitmusters auf 
den zweiten Photoresist-Film (9) durch Laser- 
Strahl, und Ausbildung der Leitmuster-Anord- 
nung in den metallischen Filmen (7, 8) durch 

20 Atzen nach Entwickeln des zweiten 
Photoresist-Films (9). 

3. Verfahren zur Herstellung eines optischen 
Speichereiements nach Anspruch 2, worin die 
25 Maskenpiatte (3) ein kreisformiges Dreheie- 
ment ist, und der Laser-Strahl von einem K6r- 
per ausgestrahlt wird, der sich in radialer Rich- 
tung der Maskenpiatte (3) bewegt 

30 4. Verfahren zur Herstellung eines optischen 
Speichereiements nach Anspruch 3, worin die 
Maskenpiatte (3) mit einer Offnung (13) ausge- 
bildet ist, so daB sie dadurch gegenOber einem 
rotierenden Antriebselement stationar gehalten 

35 wird. 

5. Verfahren zur Herstellung eines optischen 
Speichereiements nach irgendeinem der An- 
spruche 1-4, wobei die Maskenpiatte (3B) eine 
40 Harzschicht (R) umfaBt, auf deren OberflSche 
die metaJfischen Rime gebifdet werden. 



PatentansprUche 



1. Verfahren zur Herstellung eines optischen 45 
Speichereiements, umfassend die Schritte 

(a) Aufbringen eines ersten Photoresist- 
Films (2) auf einen Glastrager (1) fdr ein 
optisches Speicherelement; 

(b) Auflegen einer Maskenpiatte (3) auf den so 
Glastrager (1), auf den der erste 
Photoresist-Rim (2) aufgebracht ist, wobei 

die Maskenpiatte (3) so hergestellt wird, daB 
eine Oberflache eines transparenten Sub- 
strates (6) mit metallischen Filmen Uberzo- 55 
gen wird, die zu einer Leitmuster-Anord- 
nung geformt sind; 

(c) Bestrahien des ersten Photoresist-Films 
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Fig. I (a) 



Fig. i (b) 



Fig. 1(c) 



Fig. 1(d) 



Fig. 1(e) 
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Fig. 2(a) 




Fig. 2 (b) 




Fig. 2(c) 





Fig. 2(d) 
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Fig . 6 (a) 
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